Abstract. Using a new approximate analytic parameter-free proxy-SU(3) scheme, we make simple predictions for the global feature of prolate dominance in deformed nuclei and the locus of the prolate-oblate shape transition and compare these with empirical data.
Introduction
The dominance of prolate (rugby ball) over oblate (pancake) shapes in the ground states of even-even nuclei is still a puzzling open problem in nuclear structure [1] . Furthermore, there is experimental evidence for a prolateto-oblate shape/phase transition in the rare earth region around neutron number N = 116 [2, 3, 4, 5, 6] , in agreement with predictions by microscopic calculations [7, 8, 9, 10] . We are going to consider these two issues in the framework of the proxy-SU(3) model, a new approximate symmetry scheme applicable in medium-mass and heavy deformed nuclei [11, 12] . The basic features and the theoretical foundations of proxy-SU(3), as well as some first applications for making predictions for ground state properties of even-even deformed nuclei, have been described in Refs. [13, 14, 15] , to which the reader is referred.
Particle-hole symmetry breaking
We are going to show that the prolate vs. oblate dominance in the deformed shapes of even-even nuclei is rooted in the breaking of the particle-hole symmetry in the shell picture of the nucleus. A glance at the level schemes of the Nilsson model [16, 17] suffices in order to see that the first few orbitals lying in the beginning of a shell carry values of quantum numbers completely different from the last few orbitals at the end of the shell. In the neutron 50-82 major shell, for example, and at a moderate deformation being used, where N is the number of oscillator quanta, n z is the number of oscillator quanta along the cylindrical symmetry axis z, Λ is the z-projection of the orbital angular momentum, and K is the z-projection of the total angular momentum.
In the framework of the proxy-SU(3) the particle-hole symmetry breaking can be seen in Table 1 , in which the SU(3) irreducible representations (irreps) [18, 19] corresponding to the highest weight state for a given number of particles (protons or neutrons) are shown. The harmonic oscillator shell, possessing a U(N) symmetry, corresponding to each nuclear shell within the proxy-SU(3) scheme is also shown in Table 1 . The highest weight states have been obtained by using the code UNTOU3 [20] . We see that the particle-hole symmetry is valid only up to 4 particles and 4 holes, while it is broken in the middle of each shell. In the sd shell however, the particle-hole symmetry breaking is absent for even particle numbers and it appears only for one odd particle number, due to the small size of the shell. It should be noticed that no particle-hole symmetry breaking occurs if, instead of the highest weight irreps, one considers the irreps possessing the highest eigenvalue of the second order Casimir operator of SU (3) [21] (3), obtained from Eq. (1), vs. particle number N, for different shells, obtained through proxy-SU(3) or through the particle-hole symmetry assumption.
The difference can be seen in Fig. 1 , where the values of the square root of the Casimir operator are shown for the two cases in discussion. The particle-hole symmetry breaking can also be seen in Table 5 of Ref. [22] , where the odd numbers of particles in the U(10) shell are reported.
Prolate over oblate dominance
Using the group theoretical results reported in Table 1 for the rare earths with 50-82 protons and 82-126 neutrons, one obtains for the highest weight irrep corresponding to each nucleus the irreps shown in Table 2 . Similar results for rare earths with 50-82 protons and 50-82 neutrons are shown in Table 3 .
As it was mentioned in Ref. [15] , a connection between the collective variables β and γ of the collective model [24] and the quantum numbers λ and µ characterizing the irreducible represention (λ, µ) of SU(3) [18, 19] is known [25, 26] , based on the fact that the invariant quantities of the two theories should posses the same values, the relevant equation for γ being [25, 26] γ = arctan
From this equation one easily sees that irreps with λ > µ correspond to prolate shapes with 0 < γ < 30 o , while irreps with λ < µ correspond to oblate shapes with 30 o < γ < 60 o . As a result, in Table 2 we see that most nuclei possess prolate ground states, with the exception of a few nuclei appearing simultaneously just below the Z = 82 shell closure and just below the N = 126 shell closure. Similar conclusions are drawn from Table 3 , where a few oblate nuclei are predicted just below the Z = 82 shell closure and just below the N = 82 shell closure.
The prolate-to-oblate shape/phase transition
In Table 2 it appears that a prolate-to-oblate shape/phase transition occurs at N = 116, while in Table 3 a similar transition is predicted at N = 72. The latter transition lies far away from the experimentally accessible region, but the first one is supported by existing experimental data. In particular 1) In the W series of isotopes, 190 W, which has N = 116, has been suggested as the lightest oblate isotope [2] .
2) In the Os series of isotopes, 192 Os, which has N = 116, has been suggested as lying at the shape/phase transition point [3, 4] Furthermore, the present findings are in agreement with recent self-consistent Skyrme Hartree-Fock plus BCS calculations [7] and Hartree-Fock-Bogoliubov calculations [8, 9, 10] studying the structural evolution in neutron-rich Yb, Hf, W, Os, and Pt isotopes, reaching the conclusion that N = 116 nuclei in this region can be identified as the transition points between prolate and oblate shapes.
Conclusions
We have shown that the prolate over oblate dominance in the ground states of deformed even-even nuclei is predicted by the proxy-SU(3) scheme, based on the breaking of the particle-hole symmetry within each nuclear shell. Furthermore, we have seen that the proxy-SU(3) symmetry suggests N = 116 as the point of the prolate-to-oblate shape/phase transition, in agreement with existing exprerimental evidence [2, 3, 4, 5, 6] and microscopic calculations [7, 8, 9, 10] . Table 1 . Comparison between SU(3) irreps for U(6), U(10), U(15), and U(21), obtained by the code UNTOU3 [20] , contained in the relevant U(n) irrep for M valence protons or M valence neutrons. Above the U(n) algebra, the relevant shell of the shell model and the corresponding proxy-SU(3) shell are given. The highest weight SU(3) irreps, given in the columns labelled by hw, are compared to the SU(3) irreps with the highest eigenvalue of the second order Casimir operator of SU (3), given in the columns labelled by C. Irreps breaking the particle-hole symmetry in the hw columns are indicated by boldface characters. Taken from Ref. [12] .
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(4,0) (4,0) (6,0) (6,0) (8,0) (8,0) (10,0) (10,0) 3 [21] (4,1) (4,1) (7,1) 3) A few nuclei with R 4/2 ratios slightly below 2.5, shown for comparison, are labelled by **. 4) For any other nuclei with R 4/2 < 2.5, no irreps are shown. 5) Nuclei for which the R 4/2 ratios are still unknown [23] are shown using normal fonts and without any special signs attached . Underlined irreps correspond to oblate shapes. Based on Ref. [12] .
